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he present study was conducted during 1998/99 and

1999/2000 scasons to estimate the type and relative amount
of genetic variance components and their interactions with
experimental conditions for yield and yield components in faba
bean. A half diallel set of crosses involving seven parental
varieties namely, Giza blanka (P,), Giza-717 (P»), Triple white
(Py), Giza-643 (P4), Giza-461 (Ps), Moshtohor-109 (Pg) and
Moshtohor-103 (P;) were utilized under two experimental
conditions, the first was normally irrigated at once every 45
days in addition to the amount of rainfall, and the second, dry
method of sowing was used with one supplemental irrigation at
sowing, then plants were lefl to grow under rainfall conditions.
The parents and their 21 Fj-crosses were evaluated in a
randomized complete block design with three replications in
Maryout Research Station, Alexandria Governorate. Data were
recorded on individual plant mean basis and analyzed by the
procedure developed by Griffing (1956) as model-1 method-2.
The combined analysis was calculated for the two experimental
conditions.

The obtained results could be summarized as follows:
Mean squares of genotypes parenls, Crosses and parents vs.
crosses were highly significant for stress susceptibility index
(SI) of yield and its components excepl parents vs. crosses for
S[ for number of pods/plant and 100-seed weight.

The mean squares associated with general and specific
combining abilities were significant for SI of yield and the three
yield components. Also, low general / specific-combining
ability (G.C.A/S.C.A.) ratio of less than unity were detected for
number of seeds/plant, seed yield/plant and 100-seed weight.

The parental cv. Giza-461 (Ps) seemed to be the best
combiner for S1 of number of seeds and seed yield/plant, At the
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same direction, it gave significant nf?gative v.alue for SI of 10.
seed weight. The parental cv. Triple white (P3) expresseq
negative significance SI for number qf pods/plant and 100-seeq
weight. While, the parental cv. Giza-643 (P4) was highly
tolerant for 100-seed weight. Therefore, the two parental cys,
Giza-717 (P,) and Giza-461 (Ps) could be considered ag
excellent parents in breeding programs towards releasing
tolerant variety for drought stress.

Keywords: faba bean, stress susceptibility index, drought, genotypes.

Breeding improved genotypes for the arid and semi-arid areas by selecting
solely for seed yield is difficult because the amount and temporal
distribution of available moisture varies from year 1o year. The genotypic
yield variance is low under such conditions because plant character that
influence performance have differing opportunities for expression in
successive years. Plant breeders (Blum, 1983 and Rosenow et al., 1983) and
plant physiologists (Bidinger ef al., 1982 and Garrity et al., 1982) believe
that better-adapted and higher-yielding genotypes can be bred more
efficiently and effectively if attributes that confer drought resistance could
be identified and used as selection criteria. However, there are few examples
where this approach has been used, and even fewer where it was successful
(Passioura, 1981 and Richards, 1982).

Empirical selection for improved variety performance under drought
conditions has occurred since early times as countless crops have been
exposed to the region of drought. With the development of modern plant
breeding concepts, the process has been progressively refined and countries
with active hybridization using recognizable superior genotypes, followed by
selection in a regime involving exposure to drought conditions. The
genetical information on faba beans may help the breeder in designing
suitable program to develop well-adapted cultivars 1o drought stress
conditions.

The present study involved information on the genetic parameters for
susceptibility index (SI) concerning four traits of yield and its components in
faba bean crosses evaluated under different environmental stress conditions.

MATERIALS AND METHODS

This study was carried out in the wire green-house in the headquarters
(1998/99) of Marout Research Station, Alexandria Governorate (1999/2000),
Desert Research Center where the soil is sand clay loam, non saline (Ec 4.83
ds/m), calcareous (27.73% CaC0;) and 0.81% org,anic matter during
1999/2000 growing season. Seven parents of wide divergent origins of faba
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bean were used in the present study, i.e., Giza blanka (P;), Giza-717 (P,),
Triple white (P3), Giza-643 (P,), Giza-461 (Ps), Moshtohor-109 (Pg) and
Moshtohor-103 (P;). The last two lines produced upon plant breeding
program at Dept. Agron., Fac. Agric. Moshtohor, Zagazig Univ., Egypt (El
Hosary and Sedhom, 1989).

A diallel crosses set involving the seven parents was made in winter
season of 98/99 in wire cages under normal conditions of Desert Research
Center, Matareya, Cairo.

In 1999/2000 season, two experiments were conducted, each
experiment included the seven parents and their 21 F; hybrids, which were
sown on 20" November, 1999 in a randomized complete blocks design
R.C.B.D. with three replications. The two experiments were planted in two
adjacent fields to avoid the differences in soil productivity. The first
experiment was normally irrigated at once every 45 days in addition to
rainfall. In the second experiment, dry method of sowing, was used with one
supplemental irrigation at sowing, after which, plants were left to grow
under rainfall conditions (stress environments). The amount of rainfall was
132 mm at the growing season. In both experiments, fertilization at the level
of 100 kg P,Os/fed. was added before sowing. All other agricultural
practices were carried out as usual in the conventional faba bean fields. In
each experiment, the plot consisted of four ridge and each ridge was five-
meter long and 60 cm width. Hills were spaced at 20 cm one seed hill on one
side of the ridge.

The Studied Characters

In each experiment, data concerning the following traits were recorded
on 10 individual plants chosen at random from each plot; number of pods per
plant, number of seeds per plant, seed yield per plant (g) and 100-seed
weight (g). The data obtained for each trails was analyzed on individual
plant mean basis. An ordinary analysis of variance for R.C.B.D. was
performed according to Snedecor and Cochran (1967). Heterosis was also
determined according to Paschal and Wilcox (1975) for individual crosses as
the percentage deviation of F; mean performance from the betier parent
mean (BP) for each experiment as well as the combined analysis as follows:

The better parent heterosis = [(F;-BP) / BP]x100

General and specific combining ability esl‘imates. were obtained by
employing Griffing’s (1956) diallel cross analysis designated as model-1
method-2. .

Data of yield and its components were used to gshmate }he stress
susceptibility index (SI). An SI was used. to .characlenze relative stress
tolerance of all genotype. The susceptibility index was cq]culated from
normal irrigation (normal environment). and the stress environment ((?ne
supplemental irrigation at sowing and rainfall). SI was calculated according

to Fischer and Maurer (1978) as follows:
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S1=[(1 - (yilyie) / (1 = (y =1 My = ©)]

Where;
yij = Grain yield
yic = Grain yield o
y-j = Mean grain yield over
y-¢ = Mean grain yield over a

RESULTS AND DISCUSSION

¢ j" drough treatment.

the control treatment.

the j* drought treatment.
nirol treatment.

of the i® genotype in th
f the same genotype in !
all genotypes 1n
11 genotypes in the co

SI of yield and some of yield components are
1 genotypes, parents, crosses and
highly significant for yield and its components
for number of pods/plant and 100-seed weight.
de diversity between the parental materials used

Mean squares for
presented in table (). M
parents vS. Crosses were
except parent vs. CIOSSES
Such results indicated the wi

in this study.

ean squares of S

uares from ordinary analysis and general
bility (G.C.A. and S.C.A.) of
lity index (SI) of yield and yield

TABLE (1).Observed mean sq
and specific combining a

variance for stress susceptibi

components in Fy generation and parents.
Atk AEvARITes af SI for No.of | SI for No. of SI for 100- SI for
pods/plant seeds/plant seed weight seed/plant
Blocks 2 0.00%9 0.003 0.006 0.012
Genotypes 27 0.358** 0.515** 1.350%* 0.632**
Parents (P) 6 0.271** 0.257** 0.773** 0.323
Crosses (C) 20 0.402*+* 0.606%* 1.586** 0.709**
P.vs.c. 1 0.021 0.243** 0.100 0.952**
Error 54 0.033 0.021 0.036 0.027
G.C.A. 6 0.228** 0.132** 0.224** 0.198**
S.C.A. 21 0.089** 0.183%* 0.515** 0215**
Error term 54 0.011 0.007 0.012 0.009
GC.AJSCA. 2.562 0.721 0.440 0.021

** indicate significant at 0.01 level of probability.

.Mffan performance of the seven parents of faba bean and ifs
F:ombmahon crosses for SI are presented in table (2). The susceptibility
md:sx.wa‘s us_ed to estimate relative stress injury because it accounted for
variation in yield potential and stress intensity. Low stress susceptibility (S <
1)1s S)glonl){molus with higher §tress tolerance (Fischer and Maur%r 1978).
. ovelr)llj) (])(t:l?t::zlli?f SI fo.r yleld and some yield components ba;ed on the

a8 QUSS o Ty o He ety G- 717 () and Giza blanka ()
g 61 (P foisslgzd & ; dl/coi Yléld and its three components, followed by Giza-
parentrjl variety %;e [ep ?I-ll.’ 100-seed weight and number of seed/plant. The
pods/plant, and M 1;1 1:" ite (Ps) expressed the desirable SI for number 0f
! oshtohor- 103 (P,) for number of pods/plant and number of
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scu‘ilplnm. Howc‘vcr,llhc pzll‘cn} Giza- 643 (P,) and Moshtohor- 109 (Pg)
exhibited low S1 for yield and yield components.

1 "d?h‘cl il3fllllt;’{\!llcf c')fSl for Fy hybrids are presented in table (2); of all
hy orids, L\L\ u; ‘mtom and fourteen ones had the highest tolerance of stress
em'uonmun\s_ ot 11}1111[1&'_01‘ pods/plant, seeds/plant, seed yield/plant and the
100-seed fwugh.t, respectively, The crosses; Giza- 717 (P;) X Moshtohor-
103 (P;) and G‘Z“j 717 (Py) x Triple ‘white (P3) for number of pods/plant,
Giza blanka (Py) * Giza- 461 (Ps), Giza- 717 (P,) x Triple white (P3) and
Giza- 643 (P4) x Giza- 461 (Ps) for number of seed/plant, Giza- 717 (P,) X
Moshtohor- 103 (P;), Giza- 7!7 (P2) x Moshtohor- 109 (Pg), Giza blanka
(P1) x Moshtohor- 109 (Pg), Giza- 717 (P) x Giza- 643 (P,) and Giza- 461
(Ps) x Moshtohor- 109 (P¢) for 100-seed weight and the crosses; Giza blanka
() x Giza- 461 (Ps), Giza- 717 (P,) x Moshtohor- 109 (Pg) and Giza- 643
(Py) x Giza- 461 (Ps) for seed yield/plant seemed to be the best drought
tolerant ones for these traits. However, the crosses; Giza- 717 (P;) X
Moshtohor- 109 (Ps) and Triple white (P3) x Giza- 461 (Ps) were the most
drought tolerant crosses for seed yield and its studied components. Also, the
crosses involve in Giza- 461 (Ps) or Giza- 717 (P,) gave the best tolerance
for seed yield/plant, therefore, these two varieties seemed to be the best
parents for drought tolerance.

Heterosis

Mean squares for parents vs. crosses as an indication to average
heterosis in overall crosses were significant for SI of number of seeds/plant
and seed yield/plant (Table 1). The parental mean values for SI were
significantly higher than F; mean performance for both traits (Table 2).

Heterosis expressed as the percentage of F1 mean performance from
better parent values for SI of number of pods and seed/plant, 100-seed
weight and seed yield/plant are presented in table (3).

For SI of number of pods/plant, the cross Giza- 717 (P, x
Moshtohor- 103 (P;) expressed significant negative heterotic effect relative
to better parent value for SI of number of seed/plant, seven crosses exhibited
significant negative heterotic effect relativq to better parent values. The
highest negative heterotic effects were obtained from crosses Giza blanka
(P) x Giza- 461 (Ps), Giza- 643 (P4) x Giza- 461 (Ps), Giza- 643 (P4') X
Moshtohor- 109 (Pg), Moshtohor- 109 (P¢) x Moshtohor- 103 (P7) and Giza-
717 (P,) x Triple white (P3). L

For SI of 100-seed weight, three cross combinations expressed
significant negative heterotic effect relative to better parent values. The high
desirable heterotic effect were detected in Giza blanka (P;) x Moshtohor-
109 (Pg), Triple white (P3) X Moshtohor- 109 (Pg) and Giza- 643 (Py) x
Mo - .

ShtOh}?;r lsolgo(ﬁﬁs)eed yield/plant, six parental combinations significantly
exceeded better parents. These crosses arc Giza- 643 (P4) x Moshtohor- 109
(Pg), Giza blanka (P;) x Giza- 461 (Ps), Giza- 643 (Py) x Giza- 461 (Py),
Giza blanka (P;) x Giza- 643 (P4) and Triple white (P3) X Moshtohor- 109
(P¢) which has the best desirable heterotic effects for Sl 'of .seed yield, also
showed high SI for one or more of yield components. Similar results were
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obtained by Grzesiak et al., (1996 and 1997), Duarie and Tavates (1908),

and Toker and Cagirgan (1998).

TABLE (2). Genotype mean performance for stre%s Susceptlblllfy index
(SI) of yield and yield components in F; generation ang
parents.

o R SI for No. of Sl for l_OO-seed S_] for seed
Genotype pods/plant seeds/plant weight yield/plant
Giza blanka (P) | 0.743 0.889 0.763 0.884
Giza-717 (P:) | 0583 0.717 0.315 0.671
Tripe-white. (Ps) | 0.616 1.100 1.536 1.157
Giza-643 () | 1311 1.386 1.123 1318
Giza-461 (Ps) | 1132 0.943 2875 L
‘Moshtohor-109  (Pg) | 1.264 1.564 1.657 1.505
Moshtohor-103  (P;) 0.581 0.959 1.162 1.026
P, x P 1.007 1.249 2.523 1.388
P, X P; 1.653 1.590 1.315 1.492
P, X P, 1.364 0.541 0.703 0.597
P, x Ps 0.675 0393 0.769 0.492
P, x P 1.675 1.640 0.329 1.441
P, x P; 0.798 0.973 0.943 0.977
P, x P; 0.488 0.444 1.069 0.591
P.x P, 1.157 1.089 0.360 0.987
P. x Ps 0.912 0.596 1.961 0.869
P, x P 0.626 0.555 0.263 0.526
P, x P, 0.405 1.336 0.180 1.171
P;x Py 0.658 1.168 1.159 1.157
P x Ps 0.538 0.613 0.534 0.624
P; x Pg 0.989 0.738 0.635 0.743
P;x P, 1.084 1232 0.942 1.179
P, x Ps 1.074 0.436 0.954 0.562
Py x Ps 1.308 0.629 0.535 0.637
Py Py 1.452 TE - e 1.596
Ps x Pg 1.275 0.866 0.368 0.803
Ps x P; 0,936 b 1.207 0.882
Pg * P; 0.925 0.597 2.740 1.011
¥ Overall parents 0.890 1.085 1033 -
X : : 1.068
f Overall F,’s 0.999 0.917 0.969 0.939
X Overall genotypes 0.972 0.959 0.985 0971
L.S.D. pos 0.650 0.610 0.660 ;
L.S.D. oo 0.750 0.710 ok
L2 076 0.670
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Combining Ability

“Thc mean: squares associated with general and specific combining
abilities were significant for yield and the three yicld components. To give
an idea about the predicated performance of single-cross progeny in cach
trait, the relative size of general and specific combining ability mean squares
may be helpful. Low G.C.A/S.C.A ratios of less than unity were detected for
number of sceds/plant, seed yield per plant and 100-seed weight, indicating
the predominance of non-additive gene action in the inheritance of Sl for
such traits. However, results showed that the number of pods/plant expressed
high G.C.A/S.C.A ratio, which exceeded the unity, indicating the
predominance of additive and additive by additive types of gene action in the
inheritance of SI for this trait.

Estimates of G.C.A. effects (§;) for individual parent of each trait for
(SI) are presented in table (4).

The parental cv. Giza- 717 (P,) seemed to be first combiner for SI of
number of pods/plant and the second one for SI of number of seeds and seed
yield/plant and it ranked the third combiner for 100-seed weight.

The parental cv. Giza- 461 (Ps) seemed to be the best combiner for SI
of number of seed and seed yield/plant at the same direction it gave
significant negative value for SI of 100-seed weight. The parental cv. Triple
white (P3) expressed negative significant of SI for number of pods/plant and
100-seed weight, while the parental cv. Giza- 643 (Ps) was highly drought
tolerant for 100-seed weight. Therefore, the two parental cvs. Giza- 717 (P,)
and Giza- 461 (Ps) could be considered as excellent parents in breeding
programs towards releasing tolerant variety for drought stress.

Significant positive correlation coefficient values between parental
performance of SI and its §; were detected for number of pods/plant (Table
4). This finding indicated that the parental materials gave a good index of
intrinsic performance of their general combining ability effects. Therefore,
selection among the tested parents for initiating any proposed breeding
program could be practiced either on the basis of the mean performance or
with similar efficiency (g;). For other traits, insignificant coefficient values
were detected between the two variables. Also, it is concluded that the non-
additive gene action had the greatest role in the expression of these traits,
which is in complete agreement with the finding given in table (1). Similar
results were obtained by Omar et al. (1998).

Specific combining ability effect of the parental combinations
computed for SI for yield and yield components are presented in table (5).
Six, nine and eleven hybrids exhibited significant negative S;; for number of
pods/plant, seeds/plant, 100-seed weight seed yield/plant, respectively,
which indicated tolerance for drought stress. The superiority of the two
crosses; Giza blanka (P;) x Giza- 461 (Ps) and Giza blanka (P;) x
Moshtohor-103 (P;) for SI of seed yield/plant may be due to significant
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negative S,

sceds/plant and 100-seed weight.
blanka (P,) x Giza- 643 (Py), Giza- 717
(P») ~ Moshtohor- 109 (Pe), Trip
(Py) x Moshtohor- 109 (P), Triple w
643 (Py) x Giza- 461 (Ps) and Giza- 461 (Ps :
seed yield/plant may be due to significant negative Sj;

of yield components.

of the three yield components,
The superiorl

le white (P3
hite (P;) XMoshtohor- 103 (P5), Giza-

yxMoshtohor- 109 (Pg) for Sl of
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i.e. number of pods and
ty of the other crosses Giza
(P,) x Triple white (P3), Giza- 717

) x Giza-643 (P4), Triple white

of SI of one or more

TABLE (3). Percentage of heterosis in the F1 generation to better

parent (BP) for the SI of yield and yield components.

[
| . i St | & for NO- | Stfor100- | Slforseed
| rosses e ig i
5 podsiplant | secesiplat seed weight | yield/plant
| Giza blanka x Giza-717 72.73** 74.20** 700.95** 106.86**
Giza blanka x Tripe-white 168.34** 78.85** 72.35** 68.78**
Giza blanka x Giza-643 83.58** -39.15%* -7.86 -32.47
Giza blanka x Gi1za-461 -9.15 -55.79 13.93 -44.34%*
i Giza blanka x Moshtohor-109 125.44** 84 48** -56.88** 63.01**
| Giza blanka x Moshtohor-103 37.35 9.45 23.59 10.52
Lam.m x Tripe-white -16.30 -38.08* 23937** | -11.92
Giza-717 x Giza-643 98.46** 51.88%* 14.29 47.09*
Giza-717 = Giza-461 56.43* -16.88 522.54** 29.51
i Giza-717 x Moshtohor-109 7.38 -22.59 -16.51 -21.61
{_Gil.'l-7[7 » Moshtohor-103 -30.29* 86.33%* 42.86 74.52%*
Tfi[’t"‘“hile x Giza-643 6.82 6.18 3.21 0 00
Tripe-white x Giza-461 -12.66 -34.99*x* 220.89 31.65*
Tripe-white * Moshtohor-109 60.55** -32.9]#* 58 66%* 35.78**
Tripe-white x Moshtohor-103 86.57*
. 23,82 -18.93 14912
Giza-643 x Giza-461 512 53 760 —
: =2J. 41.33 -38.44*
Giza-643 = Moshtohor-109 3.48
: -54.62** | .5236** | -51.67**
Giza-643 = Moshtohor-103
149.91** | 78.69++ -23.86 55.56**
Giza-461 = Moshtohor-109 12.63
— s <8.17 -45.48 -12.05
Giza-461 = Moshtohor-103 61.10*
— : -15.69 78.81% -3.40
Moshtohor- 109 x Moshtohor-103 59,21+
S N— * ~40.00*~* 4
* and ** indicate significant at 0.05 and ( 01 level : i o
' els of probability, respectively.
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Stress tolerant genotypes, as defined by SI values, need not to have
high yield potential since SI provides a measure of tolerance based on
minimization of yield loss under stress rather than on stress yield per se.

Genotypes identified as stress tolerance using SI should possess
tolerance mechanisms, which may need to be incorporated into germplasm
with higher yield potential for development of high yielding and stress
tolerant cultivars.

TABLE (4). Estimates of general combining ability (G.C.A) effects for
SI for yield and its cumponents of the parental varieties.

Parental variety or line SI for No. of SI for No. of SI for 190- SI for seed
pods/plant seeds/plant seed weight yield/plant

Giza blanka ) 0.06* 0.09** 0.23** 0.10**
Giza- 717 (P2) -0.25** -0.05* -0.10** -0.12**
Triple white (Py) | -0.14** 0.03 -0.17** -0.04
Giza- 643 (Ps) 0.19** 0.06* -0.13*+* 0.08**
Giza- 461 (Ps) -0.04 -0.25** -0.08* -0.26**
Moshtohor- 109 (Ps) 0.17** 0.02 0.10** 0.14**
Moshtohor- 103 (Py) 0.01 0.10** 0.15** 0.10**
L.S,D./0.0S g 0.06 0.05 0.07 0.06
L.S.D.0.01 g 0.09 0.07 0.09 0.08
L.S.D.0.05 (&:i— &) 0.10 0.08 0.10 0‘.09
L.S.D.0.01 (i—8&) 0.13 0.11 0.14 0.12
r 0.75* 0.26 0.05 0.57

05 and 0.01 levels of probability, respectively.

* and ** indicate significant at 0.
al performances and their G.C.A. effects.

r = correlation coefficient between the parent
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TABLE (5). Estimate of specific combining ability (S.C.A) effect for S]

of vield and yield components of generation.

c | sI fﬂf{ No. S”‘"o ] No. | Slfor 100- | SIforseed
rosses o ., :
podsplant | sccds/plant seed weight | yield/plant
Giza blanka X Giza-717 0.16 0.83** 1.46** 0.72%*
Giza blanka X Tripe-white 0.71** 0.47** -0.77** | 0.18*
Giza blanka X Giza-643 0.13 -0.57** -0.39** -0.68%*
Giza blanka X Giza-461 -0.38%** -0.42%* -0.37* -0.48**
Giza blanka X Moshtohor-109 0.44%* -0.48** -0.02 0.50%*
Giza blanka X Moshtohor-103 -0.29%* | -0.19** | -0.45** | -0.27**
Giza-717 X Tripe-white -0.11 -0.39** -0.48%* -0.43%*
Giza-717 X Giza-643 021** | 0.10 042% | 0.14
Giza-717 X Giza-461 0.18 -0.06 1.21%* -(0.28%*
Giza-717 X Moshtohor-109 -0.32%* -0.48** 0.09 -0.32%*
Giza-717 X Moshtohor-103 -0.33** 031** -0.87** 0.26%*
Tripe-white X Giza-643 -0.37** -0.43** -0.18 -0.50**
Tripe-white X Giza-461 -0.27** 0.09 -0.38* 0.26**
Tripe-white X Moshtohor-109 -0.03 -0.28** -0.28 -0.44**
Tripe-white X Moshtohor-103 0.23** -0.48** | 1.88** -0.43%*
Giza-643 X Giza-461 -0.07 -032** | 0.15 -0.53**
Giza-643 X Moshtohor-109 -0.03 0.08 0.22 0.19%*
Giza-643 X Moshtohor-103 0.27** 0.61%* -0.19 0.62**
Giza-461 X Moshtohor-109 0.15 -0.12 -0.48%* J0.21**
Giza-461 X Moshtohor-103 -0.02 -0.02 0.16 0.20%*
Moshtohor- 109 X Moshtohor-103 -0.06 0.15* 031 0.19%*
L.S.D 0.05 0.19 0.15* 0.20 017
(S« 0.01 0.25 0.20 0.26 0.23
L‘S.D 005 0.28 0.22 0‘79 0-25
[ (S,— S4) 0.01 037 0.30 039 '
LSD 005 0.26 : g2t
2 0.21 0.27 0.24
(51.- 5 001 035 o038  To37 031
* and ** indicate significant at 0.05 ' = '
5 and 0.01 levels of probability, respectively.
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